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Citations  of  commercial  organizations  and  trade  names  in 
this  report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations . 

_  In  conducting  research  using  animals,  the  investigator (s) 

adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals,"  prepared  by  the  Committee  on  Care  and  Use  of  Laboratory 
Animals  of  the  Institute  of  Laboratory  Resources,  National 
Research  Council  (NIH  Publication  No.  86-23,  Revised  1985) . 

_  For  the  protection  of  human  subjects,  the  investigator (s) 

adhered  to  policies  of  applicable  Federal  Law  45  CFR  46. 

_  In  conducting  research  utilizing  recombinant  DNA  technology, 

the  investigator (s)  adhered  to  current  guidelines  promulgated  by 
the  National  Institutes  of  Health. 

_  In  the  conduct  of  research  utilizing  recombinant  DNA,  the 

investigator (s)  adhered  to  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules . 

_  In  the  conduct  of  research  involving  hazardous  organisms, 

the  investigator (s)  adhered  to  the  CDC-NIH  Guide  for  Biosafety  in 
Microbiological  and  Biomedical  Laboratories. 


3 


TABLE  OF  CONTENTS 


Front  Cover . 1 

SF298  Report  Documentation  Page . 2 

Foreword . 3 

Table  of  Contents . 4 

Introduction . . 5 

Body . 7 

Conclusions . 12 

References . 13 

Appendix . N/A 


4 


INTRODUCTION 


The  biological  importance  of  estrogen  is  noted  by  the  number  of  disease  states  associated  with 
altered  production  of  estrogen  or  estrogen  like  materials.  Estrogen  has  been  shown  to  be 
involved  in  the  progression  of  breast  cancer  and  the  estrogen  receptor  (ER)  has  been  implicated 
in  reproductive  cancers.  One  early  step  in  the  process  of  transcriptional  activation  by  estradiol  is 
the  production  of  conformational  changes  in  the  ER  upon  ligand  binding.  Our  laboratory  would 
like  to  understand  how  the  structure  of  the  hormone  binding  domain  (HBD)  of  the  ER  changes 
when  it  is  "activated"  by  estrogens  and  antiestrogens.  Since  the  binding  of  estradiol  to  its 
receptor  ultimately  leads  to  diverse  biological  responses  to  the  hormone,  we  would  like  to 
investigate  the  response  of  the  receptor  to  a  series  of  ligands  and  elucidate  the  molecular  basis  for 
their  functional  differences.  This  proposal  will  characterize  the  critical  substrate  induced 
conformational  changes  in  the  HBD  by  incorporating  fluorine  labels  into  two  recombinate 
constructs  and  performing  fluorine  nuclear  magnetic  resonance  (NMR)  studies.  We  will  examine 
whether  estrogens  and  antiestrogens  produce  similar  conformational  effects  on  the  receptor  and 
will  compare  these  changes  to  those  induced  by  "environmental"  estrogens.  The  purpose  of  this 
proposal  is  to  provide  an  understanding  of  the  conformational  changes  in  HBD  which  will 
shed  light  on  the  molecular  events  of  substrate  binding,  transcriptional  activation  and  the 
role  of  environmental  estrogens  in  receptor  function. 

Conformational  changes  in  the  estrogen  receptor.  ER  is  a  member  of  the  steroid  receptor  super 
family  which  includes  proteins  whose  functions  are  to  bind  small  hydrophobic  ligands  and 
mediate  transcriptional  activity  within  the  nucleus.'’^  These  receptor  proteins  have  four  distinct 
actions  which  modulate  biological  activity:  (1)  binding  hormone,  (2)  forming  multimeric 
complexes,  (3)  binding  to  sequence  specific  DNA,  known  as  hormone  response  elements  and  (4) 
modulating  transcription.  As  a  consequence  of  this  action  DNA  synthesis  is  changed  as  well  as 
RNA  and  proteins  necessary  for  cell  proliferation.  Studies  have  revealed  distinct  functional 
domains  in  these  proteins  which  include  (1)  the  N-terminal  domain  which  is  postulated  to  be 
involved  in  transcriptional  enhancement  (2)  a  DNA  binding  domain,  and  (3)  HBD  at  the  C- 
terminal  end  which  is  responsible  for  high-affinity  binding  of  steroids.  Participation  of  accessory 
proteins  have  been  the  subject  much  investigation  and  have  indicated  that  ER  function  depends 
on  association  with  other  proteins.^  In  the  absence  of  estrogen,  ER  is  bound  in  a  large  molecular 
complex  which  includes  heat-shock  protein  90  (HSP90),  HSP70,  P59,  and  other  proteins."*’^ 
Binding  of  estrogen  to  ER  releases  the  monomeric  receptor  from  the  complex  by  inducing  a 
conformational  change  in  the  HBD.  This  conformational  change  is  key  to  the  cascade  of  events 
leading  to  transcription  and  subsequent  protein  production.®  In  addition,  conformational  change 
is  important  in  dimer  formation  of  ER  which  allows  cooperative  ligand  binding  lowering  the 
ligand  concentration  range  for  full  action  of  the  protein. 

The  HBD  is  of  great  interest  because  it  contains  the  regulatory  actions  of  the  protein.  It  is  the 
interaction  of  the  hormone-receptor  complex  with  response  elements  that  can  result  in  induction 
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or  repression  of  transcription.  Chimeric  constructs  have  been  made  with  unrelated  proteins  such 
as  the  myc  oncogene  product  which  show  hormone  regulation  of  the  fused  gene  product.  This 
suggests  that  the  HBD  alone  is  responsible  for  its  own  action  of  ligand  binding  and 
conformational  change.  The  interplay  between  the  ligand  and  the  HBD  may  carefully  select  how 
the  biologies  are  manifested. 

Many  studies  have  proposed  a  conformational  transition  upon  binding  of  estrogen  but  there  is  a 
dearth  of  information  concerning  the  molecular  basis  of  these  changes  in  the  receptor  itself.  An 
in  vivo  study  from  Duke  University  using  a  protease  digestion  assay  indicated  distinct 
conformational  changes  within  the  ER  diverse  for  antagonists  and  agonists.’  Using  affinity 
partitioning  in  the  presence  of  PEG-palmitate  Gorski’s  laboratory  demonstrated  a  decrease  of 
surface  hydrophobicity  of  ER  from  rat  uterus  upon  binding  estrogen  thus  indicating 
conformational  change  as  ligand  binds.*  Characterization  of  the  HBD  has  been  limited  in  the 
past  for  two  reasons:  difficulty  in  obtaining  large  amounts  of  material  and  solubility  of  the 
protein.  Two  recent  studies  have  reported  expression  and  purification  methods  to  obtain  isolated 
HBD  in  high  yields.^’'®  The  isolated  HBD  fragment  produced  in  the  Greene  laboratory  was  used 
for  mass  spectroscopy  and  ligand  binding  analysis.”  Although  there  has  been  considerable  effort 
in  determining  ligand  binding  and  dimerization  little  has  been  done  to  characterize  the 
conformational  changes  in  HBD. 

There  has  been  much  interest  in  the  steroid  hormone  estrogen  and  its  interaction  with  ER  since  it 
is  a  key  modulator  of  differentiation,  homeostasis,  and  development  of  the  female  reproductive 
system.”  The  hormone  extends  its  power  beyond  reproduction  and  has  been  implicated  in  bone 
cell  biology,  and  cholesterol  and  lipid  homeostasis  in  females.”  A  host  of  disease  states 
including  cancer ,  osteoporosis,  and  endometriosis  have  been  associated  with  altered  production 
of  estrogen  or  abnormalities  in  the  way  in  which  the  cell  responds  to  estrogen  or  estrogen-like 
materials 


Recent  reports  have  attributed  the  increase  in  reproductive  abnormalities  in  wildlife  to  xenobiotic 
estrogens  which  mimic  the  effects  of  the  naturally  occurring  estrogens  by  binding  to  the  estrogen 
receptor.*^’”’”  Such  studies  have  also  hypothesized  that  environmental  agents  may  be 
responsible  for  adverse  health  consequences  in  women  including  disruption  of  the  endocrine 
system  and  reproductive  cancers.”  A  recent  article  in  Science  showed  that  a  yeast  system 
containing  the  hiunan  estrogen  receptor  responded  to  a  combination  of  environmental  toxins  in  a 
transactivation  assay.’®  This  has  opened  the  door  to  probing  the  synergistic  effects  of  many 
pollutants  on  the  hormone  system  and  brought  up  many  questions  as  to  the  role  of  the  estrogen 
receptor  and  how  it  binds  these  agents.’*  Thus  we  have  a  need  to  understand  the  underlying 
molecular  basis  for  the  function  of  ER  and  take  a  creative  approach  to  examining  the  HBD  in 
order  to  provide  insight  into  the  mechanism  of  action  of  estrogens,  antiestrogens  and  hormone 
disrupting  agents. 

The  underlying  premise  in  this  proposal  is  that  conformational  changes  in  the  ER  are 
crucial  to  the  function  of  the  receptor  and  its  interaction  with  associated  proteins  and 
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nucleic  acids.  The  initial  conformational  change  upon  ligand  binding  may  play  the  most 
important  role  regulating  the  course  of  action  of  the  receptor  in  subsequent  transcriptional 
events.  We  hypothesize  that  the  initial  structural  form  of  the  liganded  receptor  is  the  pivot 
point  for  the  future  events  within  the  nucleus.  We  will  examine  whether  estrogens  and 
antiestrogens  produce  similar  conformational  effects  on  the  receptor.  We  will  compare  these 
changes  to  those  induced  by  "environmental"  estrogens. 

BODY 

SYSTEM  SET  UP  The  first  goal  in  this  study  will  be  to  produce  recombinant  HBD  with  fluorine 
labels  for  study  by  NMR.  Figure  1  shows  the  plasmid  maps  of  the  two  constructs  used  in  this 
study.  The  first  construct  which  contains  the  fusion  protein  glutathione-S-transferase  in  tandem 
with  the  amino  acids  282-595  of  the  hormone  binding  domain  of  the  human  estrogen  receptor 
(GST-HBD)  was  made  in  the  Pgex2T  vector  from  Pharmacia.  The  second  construct  (GG)  was 
obtained  from  Geoff  Greene’s  laboratory  ”  which  contains  the  residues  282-595  of  the  HBD  in 
the  vector  Pet23d  from  Novagen.  Both  constructs  were  transformed  into  nonauxotroph  E.  Coli 
cell  lines  and  produce  milligram  quantities  of  unlabeled  HBD  in  rich  media. 

Thrombin  Site 


n 


Figure  1.  GST-HBD  and  HBD  expression  vectors.  The  Pgex2T  plasmid  provides  expression  of 
the  amino  acids  282-595  of  the  human  estrogen  receptor  in  addition  to  the  fused  27kDa 
glutathione-S-transferase  protein  which  is  used  for  protein  purification.  The  Pet23d  plasmid 
generates  the  HBD  (282-595)  without  additional  fused  amino  acids.  This  plasmid  also 
contains  the  glycine  at  position  400.  Purification  of  protein  from  this  plasmid  facilitated  by  an 
estradiol  affinity  column. 

GST-HBD  PROTEIN.  Our  first  goal  is  fluorine  label  the  protein.  To  accomplish  this  the  GST- 
HBD  construct  was  transformed  into  the  cell  lines  W31 10,  KA197  and  AT2470  which  are  Trp, 
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Phe  and  Tyr  auxotroph  cell  lines,  respectively.  The  GST-HBD  plasmid  transformed  in  the 
W3 1 1 0  cell  line  produced  protein  with  5F-Trp  labeling.  There  are  four  Trp  residues  in  both  the 
glutathione  portion  of  the  protein  and  the  HBD  (292, 360, 383, 393).  Using  a  5:1  ratio  of  labeled 
trp  to  unlabeled  trp  we  were  able  to  get  approximately  5  g  of  pellet  per  liter  of  bacteria.  Protein 
purification  was  accomplished  by  means  of  a  glutathione  sepharose  column  and  elution  with  20 
mM  glutathione.  SDS  page  profile  showed  the  protein  with  two  sets  of  bands  at  molecular 
weight  of  55kDa  and  30kDa.  The  thrombin  cleaving  site  between  the  fusion  protein  and  the 
HBD  self-cleaves  during  protein  purification  to  a  small  degree.  Western  Blot  analysis  shows 
positive  bands  in  both  areas  so  the  lower  bands  are  consistent  with  HBD  with  some  slight 
degradation.  (See  Figure  2)  This  proteolysis  of  the  HBD  under  mild  conditions  results  in  a  stable 
protein  core  of  mass  25-30  ka  which  binds  ligand  and  has  been  observed  in  Greene’s 
laboratory”.  Estradiol  binding  of  the  labeled  GST-HBD  showed  a  of  0.9  nM  which  is  the 

same  affinity  as  the  wild  type  receptor.  These  data  suggest  that  the  fluorine  labeled  recombinant 
receptor  has  not  been  compromised  as  far  as  structural  integrity. 


BOUND  pH]  ESTRADIOL  (nM) 


Figure  2.  Protein  analysis.  (A)Westem  blot  analysis  of  the  GST-HBD  purification.  The  H22 
antibody  was  used  in  an  antibody  analysis  of  the  purified  GST-HBD.  Shown  in  the  first  lane  are 
the  molecular  weight  markers.  A  major  band  is  observed  at  58kDa  and  a  minor  doublet  at  30  ka. 
An  additional  band  was  observed  in  the  higher  concentration  sample  at  1 16  ka  which  is 
consistent  with  dimerization  of  the  GST-HBD.  (B)  Binding  of  [3H]-estradiol  to  labeled  GST- 
HBD.  The  affinity  of  5F-trp  labeled  GST-HBD  was  determined  by  the  method  of  Scatchard. 
Protein  concentrations  were  determined  by  Bradford  method  using  Igg  as  the  protein  standard. 


Fluorine  NMR  analysis  of  the  GST-HBD  showed  that  the  5F-trp  labeling  was  efficient  to  collect 
data  over  a  six  hour  period.  Comparison  of  the  protein  with  and  without  estradiol  shows  several 
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differences  in  the  spectra.  The  top  trace  in  Figure  3  shows  the  GST-HBD  with  an  empty  site  for 
estradiol.  This  spectra  shows  broad  lines  between  -46  ppm  and  -50.5  ppm.  This  is  consistent 
with  a  protein  which  is  undergoing  fluctional  changes.  In  contrast  the  bottom  trace  shows  the 
protein  with  the  addition  of  estradiol.  This  trace  shows  much  sharper  lines  consistent 
with  a  protein  in  a  more  rigid  conformation.  The  two  sharp  lines  on  either  end  of  the  spectrum  in 
both  traces  may  be  due  to  a  PMSF  adduct  formed  in  the  purification  or  the  two  tryptophans 
located  on  the  GST  portion  of  the  protein  which  are  fully  solvent  exposed  and  have  the  ability  to 
freely  rotate  in  solution. 


Figure  3.  '^F  NMR  spectra  of  GST-HBD.  Top  trace  the  protein  without  estradiol.  Bottom  trace 
the  protein  with  the  addition  of  estradiol. 

To  further  investigate  our  recombinant  protein  we  added  hexafluorodiethylstilbestrol  to  an 
unlabeled  sample  of  GST-HBD.  The  fluorine  NMR  of  this  showed  two  large  peaks  at  low 
frequency  that  correspond  to  the  Z  and  E  isomer  of  hexafluorodiethylstilbestrol  free  in  solution 
and  a  broad  peak  at  1 3  ppm  which  corresponds  to  the  bound  form  of  the  ligand.  By  this 
experiments  we  observe  that  the  Z  isomer  has  a  much  lower  intensity  and  that  the  HBD  has 
selectively  bound  to  that  form.  This  initial  data  shows  that  our  fluorine  NMR  techniques  will  be 
useful  in  sorting  out  information  concerning  ligand  binding  and  kinetics. 
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Figure  4.  Fluorine  NMR  spectra  of  hexafluorodiethylstilbestrol  and  GST-HBD  in  a  5:1  ratio. 
The  arrow  indicates  the  broad  bound  peak  for  the  ligand.  Spectra  are  externally  standardized  to 
trifluoroacetic  acid  at  0  ppm. 


HBD  PROTEIN.  The  protein  produced  by  the  GG  construct  is  isolated  by  the  use  of  a  estradiol 
sepharose  column  provide  by  the  Greene  laboratory.  The  HBD  is  eluted  with  estradiol  or  other 
substances  that  will  compete  with  estradiol  for  the  binding  site  of  HBD.  The  protein  shows  a 
doublet  around  33kDa  on  SDS-Page  gels  and  a  positive  western  blot  using  AE320  or  3 1 1 
antibodies  from  Neomarkers  Inc.  The  HBD  is  soluble  up  to  20  mg/ml  or  .2-.6  mM  which  is 
sufficient  for  all  of  our  NMR  studies.  Shown  in  Figure  5  is  ^H-estradiol  binding  to  HBD  and 
displacenient  by  DBS  from  protein  expressed  and  purified  in  our  laboratory. 


120.000 


Figure  5.  ^H-Estradiol  (3  mM)  was  incubated 
in  the  presence  and  absence  of  200  fold  excess 
of  unlabeled  DBS  with  10  or  30  ul  of  the  HBD 
protein.  After  incubating  for  18  hours  at  4°C, 

250  ul  of  HAP(hydroxyapatite)  was  added  to 
precipitate  the  ^H-estradiol  bomid  protein. 

After  washing  3  times  with  buffer,  the  precipitate 
was  pelleted  and  counted  in  a  scintillation  counter. 


100.000  J 


80,000 . 


E 

CL 

■a 


60,000  J 


"O 

c 

O 

CQ  40.000 


20.000 . 


S  X 
lOpLER  Protein 


S  X 
30  ^jL  ER  Protein 


10 


0 


Our  attempts  to  transform  GG  into  auxotroph  cell  lines,  W31 10,  AT2471  and  KA197  for  Trp, 
Tyr  and  Phe  respectively  did  not  work.  We  have  found  that  other  constructs  using  pET  vectors 
were  also  incompatible  for  transformation  with  these  cells  lines.  This  was  a  set  back  for  our 
efforts  and  we  have  been  forced  to  search  for  alternative  methods  for  obtaining  fluorinated 
proteins  from  non-auxotroph  cell  lines.  Two  such  methods  are  (1)  addition  of  large 
concentrations  of  fluorinated  amino  acids  to  cultures  to  flood  the  cells  or  (2)  adding  glyphosate 
which  inhibits  aromatic  amino  acid  synthesis  and  adding  the  appropriate  fluorinated  amino  acid 
in  addition  to  the  unlabeled  amino  acids  necessary  for  growth.^"*  Monsanto  has  kindly  provided 
us  with  gram  amounts  of  glyphosate  for  our  experiments  so  our  costs  are  not  prohibitive.  We 
have  performed  growth  curves  with  minimal  media,  glyphosate  and  the  various  labeled  and 
unlabeled  aromatic  amino  acids  to  quantitate  growth  and  protein  production.  See  figure  6  for  an 
example  of  this  experiment.  Our  studies  so  far  have  shown  that  glyphosate  with  added  L-Tyr, 
L-Phe  and  5F-Trp  does  not  inhibit  growth  of  the  bacteria  and  we  have  been  able  to  get  protein 
production  from  the  plasmid  under  these  conditions.  We  will  investigate  a  variety  of  growth 
conditions  to  increase  the  fluorine  incorporation  and  will  collaborate  with  the  Ross  laboratory 
and  the  W.Alton  Jones  Cell  Center  Mass  Spectroscopy  Laboratory  to  quantitate  our  results. 


— M9 

M  M9.  Glyphosate,  Trp,  Typ,  and  Phe 
M9,  Glyphosate,  Trp,  Typ,  ar>d  Phe 
X  M9.  Glyphosate,  Trp,  Typ,  and  Phe 
— ae-  M9  and  Glyphosate _ 


Figure  6.  The  growth  curve  of  Pet23d  in  BL21de3  lys  cells.  The  effect  of  glyphosate  on  the 
growth  of  cells  containing  the  plasmid  for  HBD. 
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By  incorporation  of  glyphosate  in  the  medium  along  with  5F-trp  we  have  obtained  and  purified 
enough  protein  to  collect  a  fluorine  spectrum  of  HBD.  This  spectrum  shown  in  figure  7  shows 
four  peaks  for  the  four  trp’s  in  HBD.  Two  peaks  are  overlapping  at  -44.9ppm  showing  a  higher 
intensity  that  the  two  at  -45.6  ppm  and  -46.4  ppm.  The  concentration  of  the  sample  is  low  and  the 
labeling  efficiency  is  estimated  at  approximately  50%. 


-44.5 


-45.0 


^  I  '  '  '  '  1 - 1 - 1 - 1 - 1 - 1 - 1 - r 

-45.5  -46.0  -46.5 


Figure  7.  The  NMR  spectrum  of  5F-Trp  labeled  HBD  with  estradiol  in  the  binding  pocket. 
Collection  time  approximately  4  hours  with  a  1  second  time  delay  between  each  scan. 


We  have  commenced  methods  for  rigorous  assignment  of  the  resonances  in  this  spectrum  by  site- 
directed  mutagenesis.  Oligos  for  single  site  replacements  of  each  Trp  have  been  designed.  The 
following  is  the  oligonucleotide  for  the  switch  from  Trp383  to  Phe383  (W383F). 

GGATCTCTAGGAAGGCACATTC 


CONCLUSIONS 

Using  two  plasmid  constructs  for  the  hormone  binding  domain  of  the  human  estrogen  receptor 
we  have  found  that  we  can  produce  protein  that  is  functional  in  binding  estradiol  as  that  found  in 
vivo.  In  addition  we  have  been  able  to  label  this  protein  with  5F-Trp  in  order  to  obtain  '^F  NMR 
spectra.  The  results  from  the  NMR  spectra  from  GST-HBD  labeled  with  5F-Trp  suggest  that 
conformational  changes  take  place  in  the  hormone  binding  domain  of  the  estrogen  receptor  when 
estradiol  binds  to  the  pocket.  In  addition  the  protein  shows  a  more  rigid  conformation  when  the 
estradiol  is  present.  We  have  shown  that  the  GST-HBD  protein  can  be  used  to  investigate  the 
binding  of  fluorinated  ligands  similar  to  DBS.  The  HBD  protein  can  be  fluorine  labeled  even 
without  being  transformed  into  a  auxotroph  cell  line  by  the  use  of  glyphosate  in  the  medium.  The 
spectrum  shows  four  peaks  for  the  four  Trp  residues  for  HBD,  two  are  overlapped  suggesting  that 
the  environments  about  two  tryptophan  may  be  the  same  in  the  structure. 
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